Background: The role of obesity as a risk factor for difficult intubation remains controversial. We primarily assessed the association between body mass index (BMI) and difficult tracheal intubation. Methods: We analysed electronic records of more than 67 000 adults having elective non-cardiac surgery requiring tracheal intubation at the Cleveland Clinic between 2011 and 2015. The association between BMI and difficult intubation, defined as more than one intubation attempt, was assessed using multivariable logistic regression adjusting for prespecified confounders. Results: Amongst 40 183 patients with BMI <30 kg m À2 and 27 519 with BMI !30 kg m À2 , 9% required more than one
Editor's key points
It is still not clear whether or not tracheal intubation is more difficult in obese patients than in lean patients. A single centre retrospective analysis of electronic data was conducted to assess the relationship between intubation difficulty and BMI in patients undergoing non-cardiac surgery.
Tracheal intubation was more difficult with increasing BMI, but the odds of difficult intubation remained unchanged once BMI exceeded 30 kg m À2 .
The World Health Organization defines obesity as a BMI exceeding 30 kg m
À2
; by this definition two-thirds of the US population may be obese. 1 Obesity is associated with multiple medical comorbidities such as metabolic syndrome, hypertension, diabetes, and anatomical changes that can result in gastro-oesophageal reflux and obstructive sleep apnoea. Each contributes to the risk of perioperative morbidity and mortality. 2e4 Additional potential consequences of obesity are difficulties during airway management (ventilation, intubation, or both).
5e7
Airway management, including tracheal intubation, is a cornerstone of perioperative anaesthesia and requires considerable experience and skill. Difficulties encountered during airway management increase the risk of perioperative morbidity and mortality. 5,6,8e10 Obese patients present with varying degrees of fat deposition at key locations of the airway. Consequently, morbidly obese patients are thought to be at increased risk for difficult airway management. For example, difficult intubations have been reported in up to 15% of seriously obese patients 11e13 compared with 2e6% 12e14 in lean patients. Obesity also reduces oxygen reserve, thereby decreasing the time available for airway manipulations. Whether obesity complicates intubation attempts remains unresolved, with some studies reporting that obesity is a risk factor 9,15,16 and others not. 11, 17 However, based on clinical experience and morphologic changes consequent to obesity, we expected body mass to have little effect on intubation difficulty in lean patients, and that intubation would become progressively more difficult with increasing BMI. This is supported by reported difficult intubations in the obese population both in and out of the operating room. 6, 7 Our goal was thus to evaluate the relationship between BMI and difficult tracheal intubation. Specifically, we tested the hypothesis that there is an association between BMI and more than one intubation attempt in obese surgical patients.
Methods
With approval of the Institutional Review Board of the Cleveland Clinic Foundation (16e474) and waived consent, this retrospective cohort registry analysis included adults who had elective non-cardiac surgery under general or combined anaesthesia with tracheal intubation at the Cleveland Clinic Main Campus between January 2011 and September 2015. Data were obtained from the Cleveland Clinic Perioperative Health Documentation System, an electronic registry including data containing patient demographics and baseline characteristics, the preoperative airway evaluation (including expected difficulty and significant airway abnormalities as judged by an attending anaesthesiologist), unexpected airway difficulties, and the number of intubation attempts. Patients were excluded if they had missing intubation device data, received fibreoptic or bronchoscopic intubation, received neither or both regular direct or videolaryngoscopy or had incomplete data on intubation attempts, BMI, or potentially confounding characteristics. Only the first intubation attempt was considered for each patient. The primary relationship of interest was the association between BMI and difficult tracheal intubation, defined as requiring more than one intubation attempt. To assess whether the relationship between BMI and the probability of difficult intubation is linear, we plotted the estimated probability of requiring more than one intubation attempts across the observed range of BMI, using a univariable logistic regression incorporating a smooth (natural cubic spline with knots at 10th, 25th, 50th, 75th, and 90th percentile) term for BMI. 18 Each model was adjusted for the following pre-specified potential confounding variables: age, gender, ASA physical status, Mallampati score, significant airway abnormality, short neck, small mouth opening, short thyromental distance, beard present, rheumatoid arthritis, diabetes mellitus, cervical spine surgery, type of surgery [US agency for healthcare research and quality's clinical classification software (AHRQ-CCS) categories], and year of surgery.
Secondarily, we assessed the associations between BMI and difficult intubation separately for regular and videolaryngoscopy with and without any significant airway abnormality (yes vs no) using the same approach as the primary analysis.
As a post hoc sensitivity analysis, we assessed the association between BMI >30 kg m À2 with the odds of difficult intubation using a multivariable logistic regression model adjusting for the same potentially confounding factors as in the primary analysis. The significance criterion was adjusted using Bonferroni corrections. Thus, P < 0.025 was considered statistically significant for the two primary analyses, whereas P < 0$006 was required for the eight secondary analyses.
Sample size considerations
We planned to use all available patients who met our inclusion criteria (approximately 100 000 patients based on a recent query of the Cleveland Clinic Perioperative Health Documentation System). We have more than 99% power to detect an odds ratio (OR) of 1.05 or more per kg m À2 increase in BMI at the overall 0.05 significance level, assuming a mean (standard deviation) BMI of 30 (8) kg m À2 and an 8% incidence of having difficult intubation (based on a recent query of our registry). SAS software version 9$4 (SAS Institute, Cary, NC, USA) was used for all statistical analyses.
Results
Analyses included 67 702 eligible adults who had non-cardiac surgery with general or combined anaesthesia with tracheal intubation at the Cleveland Clinic Main Campus hospital between January 2011 and September 2015 (Fig. 1) . Amongst them, 56% were female, and the average age was 56 (16) In our post hoc sensitivity analysis, we found that BMI >30 kg m À2 was significantly associated with difficult intubation, with an estimated OR (95% CI) of 1.10 (1.05, 1.17); P ¼ 0.002.
Discussion
Our large retrospective cohort study reveals that the odds of difficult intubation increase linearly with BMI up to 30 kg m
À2
and remain constant thereafter. Obese patients were thus more likely to have difficult intubation than lean patients, but morbidly obese patients did not have higher odds than those who were only slightly obese. More than one intubation attempts were required in 9% of patients overall, which is more than the 5.2e5.8% previously reported. 9, 14 However, even accepting the lower limit of about 5%, more than one intubation attempts remain common. A way to reliably predict difficult intubation would thus be clinically helpful. However, the difference of risk for difficult intubation of 8% in lean patients, 10% in those who were obese, and no greater in those who were morbidly or even super-obese, was not convincing. Generally, a BMI exceeding 25 kg m À2 is defined as overweight, while a BMI !30 kg m À2 is defined as obesity. 20 The threshold of BMI !30 kg m À2 is therefore of particular importance, which is interestingly also reflected in our study. Overweight patients had linearly increased risk of difficult intubation, while risk of obese patients remained constant. This was in accordance with the increased incidence of significant abnormalities in obese patients (12% vs 30%). Consequently, videolaryngoscopy was more often used in obese patients (7% vs 14%), which has been reported to be superior in obese patients in order to minimise intubation attempts, and was probably reducing the risk of difficult intubation in obese patients. 6, 21, 22 Our findings differ from recent studies and a meta-analysis which reported increased BMI as an independent risk factor for difficult intubation, especially within the obese population. 9 ,12,14 A meta-analysis by Shiga and colleagues, 14 for example, included 35 studies with a total of 50 760 patients and reported that obese patients were three times as likely to have difficult intubations than lean patients (incidence of difficult intubation 16% vs 6%). However, many of the included studies had only a few hundred patients; furthermore, the definition of difficult intubation and patient positioning differed amongst the studies. In contrast, our results are broadly consistent with the largest registry analysis, Lundstrom and colleagues, 9 which evaluated 91 332 patients who had planned direct laryngoscopy. The overall incidence of difficult intubation was 5.2%, and there was a modest but significant association between BMI 35 kg m À2 and difficult intubation,
with an estimated OR of 1.34 (95% CI: 1.19e1.51, P ¼ 0.001). Awake fibreoptic intubation is an accepted method of intubation in patients with suspected or known difficult airways. Several guidelines and experts further advocate that patients with a BMI exceeding 30e35 kg m À2 have a high risk of difficult intubation and that fibrotic awake intubation should therefore at least be considered, even without any signs of significant difficult airway beside of increased BMI.
5,23e26
Neither our results, nor those of Lundstrom and colleagues, 9 support this recommendation. Instead, we recommend that the decision to use awake intubation should be based on a thorough airway examination and other factors, rather than BMI. 2 In contrast, there is little question that high BMI makes mask ventilation difficultda risk that should not be underestimated. 27, 28 Our analysis included 67 702 patients, and was thus larger than all but one previous study. The Cleveland Clinic is a large academic hospital and all types of non-cardiac surgeries were included in our cohort. A consequence of being a teaching institution is that clinicians with various backgrounds, education, and skill levels were involved, always under supervision of a staff anaesthesiologist. Presumably, the initial success rate would have been better if airway management would always be performed by more experienced staff members. Successful airway management largely depends on personal skills and experience. 29 Consequently, a highly skilled difficult airway management team has been implemented in our institution. However, our records do not detail exactly who performed the initial or repeat laryngoscopies so we were unable to analyse outcomes by provider type. Our primary finding, that the BMI influences initial intubation success only when BMI <30 kg m À2 , is thus likely to be generalisable, keeping in mind that for BMI !30 kg m
À2
, the odds of more than one intubation attempts are persistently higher than those for lean patients.
Our database does not provide reliable data of intubation procedures requiring more than one intubation attempts. The univariable relationship between BMI and multiple intubation attempts using a univariable logistic regression incorporating a smooth term for BMI (natural cubic spline with specified knots at 10th, 25th, 50th, 75th, and 90th percentile). The solid line and the shaded region represent the estimated probability of having difficult intubation and the corresponding confidence interval as a function of the BMI. The histogram just above the x-axis represents the distribution of the BMI.
Clinically important changes of anaesthesia providers, change of intubation device used, or repositioning of the patient are not reliably documented. We therefore a priori decided, to use a simple, generous, and broad definition of difficult intubation; namely the need for a second intubation attempt. This conservative measure allowed us to detect even a slight increase in intubation difficulty. Absolute number of intubation attempts are of clinical importance, as every single additional intubation attempt may contribute to patient morbidity in both adults and paediatrics. 30, 31 Others have used various definitions of difficult airways, with many studies based on visualisation (such as the Cormack and Lehane Score). 14, 32 It is likely that our results would differ had we adopted another definition of difficult intubation. However, it seems unlikely that a different definition would change the general shape of our results, or our overall conclusion that obesitydand degree of obesitydis a poor predictor of difficult intubation. Proper positioning of the head during tracheal intubation has been shown to affect the laryngoscopic view. The 'ramped' position significantly improves laryngoscopic view, especially in obese patients. 33, 34 Positioning of the head was not standardised in our cohort, although the routine at the Cleveland Clinic is to use ramp position in obese patients.
As a limitation, our data indicate that patients with BMI !30 kg m À2 were more likely to be initially intubated using the videolaryngoscope (14%), compared with patients with BMI <30 kg m À2 (7%). However, this decision was solely based on clinical judgment, and opens the possibility of selection bias. Given the retrospective study design, residual confounding may introduce error. For example, we were unable to adjust for potentially confounding variables such as neck circumference and CormackeLehane classification because of unavailable or unreliable data. As a result of missing data, almost 17% of our patients had to be excluded from our analysis. Although this fraction represents a significant portion of our patients, the data are generally reliable. Obesity is known to decrease the functional residual capacity (FRC) and subsequently cause desaturation during intubation, which is clinically most important. However, this study only focused on the association between BMI and intubation attempts. Clinicians should therefore always be aware that ease of intubation is only one out of several cornerstones, including risk for desaturation and aspiration, during airway management. In summary, 9% of all patients required more than one intubation attempts. BMI was related to difficult intubation, but only within the lean range. At higher BMIs, there was no relationship between BMI and difficult intubation. Obese patients were thus harder to intubate than lean ones, but difficult intubation was no more likely in morbidly obese patients than in those who were only slightly obese. Obesity per se should not be considered an indication for advanced airway management techniques, instead using direct laryngoscopy and videolaryngoscopy.
